This cross-sectional multicenter study was performed aimed at describing the clinical characteristics of women with COPD attended in routine daily practice in Spain. Methods and results: Of a total of 1610 consecutive patients diagnosed with COPD recruited in primary care centers and pneumology services throughout Spain over a 90-day period, 17.9% (n=286) were women, with a median age of 62 years. Differences in COPD phenotypes by sex were statistically significant (P = 0.002). Males as compared with females showed a higher prevalence of non-exacerbator (47.9% vs 42.2%) and exacerbator with chronic bronchitis (22.9% vs 18.8%) phenotypes, whereas the ACOS phenotype was more common among females (21.7% vs 12.9%). The mean (SD) CAT score was similar in men than in women (20.8 [9.0] vs 21.2 [8.7], P = 0.481), as well as the impact of the disease on the quality of life according to CAT scores of <5 (no impact), 5-9 (low), 10-20 (medium), >20 (high), and >30 (very high). Sex-related differences according to smoking status were statistically significant (P < 0.001), with a higher percentage of men as compared with women in the groups of current smokers and ex-smokers; never-smokers were higher in women (9.1%) than in men (0.6%). The mean number of comorbidities was 2.01 (1.43) (95% CI 1.93-2.09) in males and 1.99 (1.42) (95% CI 1.83-2.16) (P = 0.930) in females, but cardiovascular diseases (hypertension, ischemic heart disease, chronic heart failure) were more frequent in men, whereas metabolic disorders (osteoporosis) were more frequent in women.
Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality throughout the world, with a substantial economic burden and social and quality of life impact on patients. [1] [2] [3] It is also expected that the worldwide burden of COPD will continue to rise in the forthcoming years, and it is also witnessed a major shift in the sex profile of the disease. 4 Although for many years COPD affected men in a higher proportion than women, the prevalence has equalized by now. 5 However, there remains an outdated perception of COPD as a male-dominated disease combined with a lack of awareness of symptoms among women. The prevalence and mortality of COPD in women have more than doubled during the past 20 years in industrialized countries while they stabilized in men. 6 Different studies have shown a sex effect, with an increase in COPD mortality among women. 7, 8 In Sweden, COPD mortality in women increased between 1999 and 2009, and life expectancy among COPD patients was 9.4 years lower in women (vs 7.4 years lower in men) compared with the average Swedish population. 9 Surveillance data from the United States showed in 2000, for the first time, that the number of COPD deaths recorded in women surpassed the number of COPD deaths among men. 10 A number of factors are likely to have contributed to the increasing prevalence of COPD in women, including increasing tobacco consumption among women during the past several decades, greater exposure to indoor air pollution (biomass smoke from cooking and heating), differential vulnerability and susceptibility to tobacco, anatomic and hormonal differences, as well as behavioral differences in response to available therapeutic modalities. 9, 10 Moreover, underdiagnosis or misdiagnosis occurs more frequently in women than in men. Among patients with spirometric COPD criteria included in the Epidemiologic Study of COPD in Spain (EPI-SCAN), underdiagnosis was 1.27 times more frequent in women than in men, with an odds ratio of being correctly diagnosed with COPD of 1.9 for men versus women. 11 The probability of being diagnosed increases with age, intensity, and duration of smoking, the severity of the disease, and the impairment in health-related quality of life. 12 Also, many women are unaware of the key symptoms of COPD, resulting in a failure to report their symptoms to their primary care physician. 5 Taken all these findings together, COPD is usually diagnosed late in the course of the disease in females and it is usually associated with impaired quality of life and comorbidities.
In addition, women are more likely to be significantly burdened by the symptoms of COPD than men, and this effect appears most pronounced among younger women. 13 Interestingly, in a study of sex-specific differences in emphysema across a large population of COPD subjects, women with severe emphysema and severe early-onset COPD, as well as those with Global Initiative for Chronic Obstructive Lung Disease (GOLD) grade IV exhibited similar rates of emphysema to men but were associated with markedly fewer pack-years. 14 These findings illustrate aspects of COPD that warrant further study, 15 such as the advantages and benefits of phenotyping COPD patients, the perspective of sex regarding the public health phenomenon of COPD, and the need for early diagnosis of COPD in smokers. An early diagnosis of COPD in smokers is not only important to prevent the late consequences of severe COPD but also the early consequences in terms of comorbidities and the early impact on the quality of life.
To further explore sex differences in patients with COPD, a cross-sectional multicenter study was performed aimed at describing the clinical characteristics of women with COPD attended in routine daily practice in Spain.
Materials And Methods

Study Design
The "ESPIRAL-ES Study" was an observational, crosssectional and multicenter study conducted in primary care centers and services of pneumology throughout Spain. "ESPIRAL-ES" is the Spanish acronym for Study of the Prevalence of COPD phenotypes, assessment of healthrelated quality, and geographic distribution in Spain ("EStudio de la Prevalencia de los fenotIpos de la EPOC, valoRación de la cALidad de vida relacionada con la salud y su distribución geográfica en España"). Results regarding the prevalence and geographic distribution of COPD phenotypes among the different autonomous communities of the country have been previously reported. 16 The primary objective of the present study was to assess whether there were sex-related differences in the prevalence of COPD phenotypes and clinical characteristics of the disease. The secondary objective was to define the clinical profile of women diagnosed with COPD collected from the ESPIRAL-ES study population.
The study protocol was approved by the Clinical Research Ethics Committee of Hospital San Pedro de Alcántara, Cáceres (Spain). The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients.
Patients
Consecutive COPD patients who met the inclusion criteria visited by family physicians or pulmonologists in routine daily practice were prospectively recruited during a 90-day period between March and May 2015. Physicians who participated in the study worked in the primary health care setting throughout in Spain. Patients who met the inclusion criteria were asked to take part in the study during usual care. Inclusion criteria were men and women aged 35 years or older, in whom a definitive diagnosis of COPD had been established according to the 2014 GOLD criteria, 17 which are consistent with 2012 GesCOPD guidelines published by the Spanish Society of Pulmonology and Thoracic Surgery 18 at least 6 months before enrollment. Excluded were patients with symptoms with acute COPD exacerbation or with a history of a recent episode of COPD exacerbation, but those patients could be eligible 4 weeks after the exacerbation. Other exclusion criteria were presence of significant chronic respiratory disorders other than COPD and asthma, or cognitive impairment that prevented understanding and completing the study questionnaires.
Study Procedures
For each participant the following data were recorded: age; sex; body mass index; smoking status (categorized as current smoker, ex-smoker, never-smoker) and smoking index (pack-years); duration of COPD; comorbid conditions (hypertension, diabetes mellitus, arrhythmia, coronary artery disease, heart failure, osteoporosis, dyslipidemia, and dementia); pulmonary function tests, degree of dyspnea assessed with the modified Medical Research Council (MRC) scale; 19 6-min walking distance test; severe exacerbations requiring admission to the hospital and/or emergency department for more than 24 h in the previous 12 months; severity of COPD using the BODEx index 20 (scored 0-2 points for quartile 1, 3-4 points for quartile 2, 5-6 points for quartile 3, and ≥7 points for quartile 4); quality of life using the COPD Assessment Test (CAT) 21 (scores range from 0 to 40, with higher scores indicating a more severe impact of COPD on the quality of life); and COPD phenotype using the 2012 GesCOPD algorithm 18 classified as nonexacerbator, asthma-COPD overlap syndrome (ACOS), exacerbator with emphysema, and exacerbator with chronic bronchitis phenotypes. The diagnosis of ACOS was made according to recommendations of a consensus document, 22 when 2 major criteria or 1 major criterion and 2 minor criteria were met. The three major criteria included very positive bronchodilator test with an increase in FEV 1 ≥15% and ≥400 mL over baseline, sputum eosinophilia, and history of asthma (before the age of 40). The three minor criteria were elevated total IgE, history of atopy, and positive bronchodilator test with an increase in FEV 1 ≥ 12% and ≥200 mL over baseline on two or more occasions. 22 
Statistical Analysis
The sample size was calculated according to an expected prevalence of 10.2% in the general Spanish population aged 40-80 years as reported in the EPI-SCAN study. 12 With a precision of 3.1% at the national level and 38% in a bilateral contrast, with an alpha risk of 5% assuming maximal variability (p=q=50%) and with 5% of losses, a total sample of 1050 patients would be required. Therefore, for an expected recruitment of 2 to 4 patients per physician, a minimum of 262 and a maximum of 525 participating researchers would be necessary. Participating physicians were selected using a commercially available database (www.medynet.com). Medynet database is the first Internet node exclusively devoted to the health care sector in Spain that currently includes data of approximately 190,000 users. It is a free registration database of physicians and health care providers that includes health care professionals working both in the public National Health Care System and in the private sector. A stratified random sampling method based on the population size of each autonomous community was used. Data were expressed as mean and standard deviation (SD) for continuous variables and absolute and relative frequencies (percentages) for categorical variables, with their 95% confidence intervals (CIs). Categorical variables were compared with the chi-square (χ 2 ) test or the Fisher's exact test, and continuous variables with the Student's t-test or the analysis of variance (ANOVA) for values with a normal distribution and the Mann-Whitney U-test or the Kruskal-Wallis test for data whose distribution departed from normality. Statistical significance was set at P < 0.05. Data were analyzed using the Statistical Analysis Systems (SAS) (SAS Institute, Cary, NC, USA) statistical software package, version 9.4 for Windows.
Results
During the study period, a total of 563 physicians, mostly pneumologists (56%) and family/community medicine specialists (37%), recruited a total of 1680 consecutive patients with COPD, but 70 (4.2%) were excluded because of symptoms of exacerbation in the previous 6 weeks in 58 patients, age under 35 years in 1, and lack of registration of the selection criteria in the case report form in 11. The participating physicians worked in primary health care centers from 16 out of the 17 Spanish autonomous communities.
Of the 1610 patients with COPD included in the study, 286 (17.8%) were women, with a mean (SD) age of 63.4 (10.2) years. The main characteristics of the study population are shown in Table 1 . Salient features included a mean body mass index (BMI) of 27.4 kg/m 2 (35.2% of women with overweight and 29.5% with obesity), and 53.3% of patients who stated they were active smokers, with a smoking index of 60.6 pack-years, and a mean FEV 1 of 59.6%. At the time of the study, non-smokers accounted for 46.7% of the cases (ex-smokers 37.5% and neversmokers 9.1%). The mean (SD) years from COPD diagnosis was 7.7 (7.3) years. Also, comorbidities were present in 82.9% of patients, with dyslipidemia (56.6%), hypertension (54.2%), osteoporosis (45.8%), and diabetes (26.6%) as the most frequent. Dyspnea grade ≥2 was recorded in 54.1% of patients. In the 6 min walking test, 41.6% of patients walked less than 350 m. The mean CAT score was 21.2. In 43.8% of patients, the impact of COPD on quality of life was high and in 13.5% the impact was very high. The mean BODEx index was 2.3. Regarding components of the BODEx index, the BMI was <21 kg/m 2 in 11% of patients, FEV 1 <50% in 22%, and at least three severe exacerbations in the previous 12 months were recorded in 6.8% of the patients.
In relation to COPD phenotypes, the non-exacerbator phenotype (42.2%, 95% CI 36.5-48.0) and the ACOS phenotype (21.7%, 95% CI 16.9%-26.4%) were the most frequent, followed by the exacerbator with chronic bronchitis phenotype (18.8%, 95% CI 14.2-23.3) and the exacerbator with emphysema phenotype (17.3%, 95% CI 12.9-21.7). The distribution of COPD phenotypes in relation to the study variables is summarized in Table 2 . There were statistically significant differences in the distribution of phenotypes by sex, physician specialty, comorbidities, CAT score, impact on the quality of life, and COPD severity. The non-exacerbator phenotype was more frequently diagnosed by pneumologists versus primary care physicians, the mean number of comorbidities was higher in the exacerbator with chronic bronchitis phenotype, the mean CAT score was higher in the exacerbator with emphysema phenotype, and the lowest COPD severity was found in the non-exacerbator phenotype.
As shown in Figure 1 , differences in COPD phenotypes by sex were statistically significant (P = 0.002) with higher prevalence of non-exacerbator and exacerbator with chronic bronchitis phenotypes in men as compared with women; by contrast, the ACOS phenotype was more common in women than in men. On the other hand, the mean (SD) CAT score was similar in men than in women (20.8 [9.0] vs 21.2 [8.7] , P = 0.481), as well as the impact of the disease on the quality of life (Figure 2 ). Sex-related differences according to smoking status were statistically significant (P < 0.001), with a higher percentage of men as compared with women in the groups of current smokers (56.2% and 53.3%, respectively) and ex-smokers (43.2% and 37.5%, respectively). Neversmokers were higher in women (9.1%) than in men (0.6%). The analysis of the number of comorbidities showed similar results in men (mean 2.01 [1.43] , 95% CI 1.93-2.09) than in women (mean 1.99 [1.42] , 95% CI 1.83-2.16) (P = 0.930). However, some comorbid diseases were more frequent in men as compared to women, including hypertension (64.8% vs 54.2%, P = 0.001), chronic ischemic heart disease (15.6% vs 7.9%, P = 0.001), and chronic heart failure (16.7% vs 10.2%, P = 0.01). Osteoporosis was significantly more frequent in women than in men (45.8% vs 11.7%, P < 0.001).
Discussion
This study carried out in a sample of 1610 patients with stable COPD attended in routine daily practice by pneumologists and primary care physicians in Spain shows a higher proportion of COPD males than females. Previous studies have shown that proportions of the population with diagnosed COPD are higher among males than females. 23 This has been explained by the higher prevalence of smoking in males, which is the principal risk factor associated with COPD. In the past decade, however, a steady increase in COPD prevalence and age-adjusted death rates among women has been reported. 7, 24, 25 Also, underdiagnosis of COPD has been consistently found, which is especially striking in patients with important risk factors for COPD attended in primary care. 26, 27 Underdiagnosis and misdiagnosis of COPD in both sexes have been related to different factors, including underuse of objective measures of lung function. Underdiagnosis in females is usually greater than in men. In a survey random sample of 192 primary-care physicians, a hypothetic case of cough and dyspnea in a smoker was presented in six versions differing only in the patent's age and sex. 28 COPD was given as the most probable diagnosis significantly more often for men than women (58% vs 42%, P < 0.05). The initial differences between sexes decreased as objective information was provided. After spirometry, COPD diagnosis rates for men and women were 74% vs 66% (P = NS), but interestingly, only 22% of physicians would have requested spirometry at initial presentation. 28 We found that ACOS phenotype was the most frequent in women, which is in agreement with data reported in the literature. [29] [30] [31] In a retrospective observational study of 499 patients with a diagnosis of COPD due to biomass or tobacco smoke, the ACOS phenotype was more common in the biomass group, although this difference disappeared when corrected for sex. 32 Moreover, the percentage of never-smokers among women was higher than in men. Never-smokers comprise a substantial proportion of individuals with COPD. In an analysis of data from 14 countries that participated in the international, populationbased Burden of Obstructive Lung Disease (BOLD) study, more than two-thirds of never-smokers with moderate to severe airway obstruction were women. 33 In the IBERPOC cross-sectional study of a noninstitutionalized general population of 40-69 years of age from seven areas of different sizes and urban characteristics in Spain, nonsmokers with COPD were more frequently women. 34 It has been suggested that women are more susceptible to the effects of tobacco smoke, and there is evidence that exposure to environmental tobacco smoke is associated with COPD and affects women more often than men. 35, 36 The mean number of comorbid conditions was similar in men than in women, but concomitant cardiovascular disorders were significantly more frequent in male patients. Metabolic comorbidities, i.e. osteoporosis, were significantly more common in women. Comorbidities complicate the management of COPD and contribute to increased hospitalization and health care costs. 37 Cardiovascular comorbidities, particularly coronary heart disease, heart failure, and COPD, are diseases with very similar risk factors especially through the role of smoking. Coexistence of COPD and either coronary heart disease and heart failure worsens the prognosis of each disease. 37 Also, patients with COPD are at increased risk of osteoporosis. In a systematic review of 13 studies with a total of 775 COPD patients, the overall mean prevalence of osteoporosis was 35.1%, with a higher proportion of women. 38 We also identified a clinical profile of women with COPD who were current smokers, with overweight and obesity but at low risk regarding pulmonary function and clinical symptoms (40% with dyspnea grade 1 mMRC scale), but with a notable percentage (39%) with two or more moderate-severe exacerbations in the previous year. Despite these characteristics, the severity of COPD was mild/moderate in 87.4% of women according to the BODEx index. However, following the risk profiles of COPD outlined in the 2017 Spanish COPD guidelines (GesEPOC), 39 this majority of patients would move to high-risk level because of exacerbations or GOLD groups B and D due to exacerbations and/or CAT scores. 40 The impact of COPD in women is understudied but the evidence that does exist reveals potentially substantial sex differences in susceptibility, severity, and clinical profile of the disease. 41 The greater prevalence of COPD and related mortality reported for men in earlier epidemiological studies may be due to underdiagnosis of women. In addition, factors such as prevalence of symptoms, triggering stimuli, susceptibility to smoking, frequency of exacerbations, impairment in quality of life, and presence of comorbidities (e.g. malnutrition, depression, osteoporosis) are more frequently seen in women with COPD. 42, 43 Results of the BODEx index and 6-min walking test were as expected in a population of symptomatic COPD. Despite these differences, the current guidelines for the diagnosis and treatment of men or women with COPD are the same. Therefore, health care professionals should be particularly aware to recognize the sex differences in patients with COPD to optimize assessment, monitoring and treatment of this disease. In an excellent review of the management of COPD in women, Jenkins et al. 44 present key suggestions to address the sex bias that exist among COPD patients, especially the need of further research to identify the factors influencing attitudes and coping strategies for women with COPD to enable improvements in care, the assessment of sex-specific effects of various interventions and sex-specific differences in response to treatment, and the promotion of better awareness within the health care community of the increasing burden of COPD in women to improve disease diagnosis and treatment.
The present results should be interpreted taking into account some limitations of the study, such as the crosssectional design, the relative small number of women in the study population, and the fact that women and men were not matched by age and COPD severity. Another limitation is the lack of a control group, which could mislead results by showing differences that are not related to COPD presentation. In relation to the recruitment process, although the number of practices was not recorded, the participating physicians worked in primary health care centers distributed in 16 out of the total 17 autonomous communities of the country, so that a recruitment bias associated with geographical location seems unlikely. The reason for consultation was not registered, but it seems very likely that patients had been recruited during a follow-up visit in the context of the usual care in patients with COPD. Also, the influence of recent changes of COPD guidelines regarding definitions of severity, classification of risk groups, or phenotypes in the study population was unknown. The small number of cases when variables are divided into different subgroups is a limitation of the statistical analysis. Patients were on treatment at the time of enrollment for which it is unknown whether any phenotype could have been changed at the time of assessment. However, data recorded were obtained in a non-trial setting, which enhances the external validity of the study. 
Conclusion
This study provides evidence of the clinical characteristics of women with COPD attended in the primary and specialized care in routine daily practice in Spain and is important for primary care clinicians in order to improve COPD awareness in women in which underdiagnosis is very common. Differences in the prevalence rates of COPD phenotypes between men and women have been documented, with ACOS particularly frequent in female patients. Lung function impairment, COPD severity, and impact of COPD on the patient's quality of life were apparently similar in men and women. The number of concurrent comorbidities was also similar, but individual disorders affected differently according to sex, with cardiovascular diseases more frequently present in men and osteoporosis in women. In the pattern of smoking habit, the percentage of never-smokers was significantly higher in women. This study highlights the impact of COPD in women and the importance of continuing sex-based research in tobaccorelated respiratory diseases.
